Background: Diarrhea of children under 5 in Malawi, a high-burden country for diarrhea, accounted for 7% of under-5 mortality in 2017. Preceding studies have revealed the association between diarrhea of under-fives and characteristics of children and households including water, sanitation and hygiene (WASH). There has been limited household-level analysis regarding diarrhea in Malawi, thus the aim of our study is to identify risk factors of diarrheal disease among children under 5 in Malawi. Methods: Data set for this study were drawn from the Malawi Demographic and Health Survey conducted in 2015-2016 and 14,872 children were selected as study samples. Independent variables included social-demographic characteristics, household living conditions and WASH environment. Variables that had a P-value lower than 0.05 in the simple logistic analysis were included in multiple logistic regression model. Results: Approximately 20% of children had diarrhea within 2 weeks. In multiple model, demographic characteristics of sex and age of child, size of child at birth, region, mother's age and working status were associated with the risk of diarrhea. Regarding WASH environment, 30 minutes or longer to get water (adjusted odds ratio [AOR], 1.184; 95% confidence interval [CI], 1.045-1.342), unimproved toilet facilities (AOR, 1.185; 95% CI, 1.088-1.291), toilet facilities located in yard/plot (AOR, 1.344; 95% CI, 1.056-1.711) and elsewhere (AOR, 1.375; 95% CI, 1.048-1.805), and lack of handwashing facility with water and soap (AOR, 1.180; 95% CI, 1.010-1.379) increased the odds of diarrhea. Conclusion: The findings of this study showed that socio-demographic characteristics and poor conditions of WASH increased the diarrheal risk of young children. The location of toilet facility implies that proximity is important, but it is necessary to determine the location according to local circumstances. Our study suggests that WASH infrastructure and behavior change strategies need to prioritize Malawi's vulnerable groups.
INTRODUCTION
In 2018 alone, 5.3 million young children died before the age of 5 around the world. 1 In spite of continuous decline with an annual rate of reduction of 3.8% from 2000 to 2018, low income countries mostly located in Sub-Saharan Africa had the highest under-5 mortality across all regions. 2 Globally, diarrhea is the second leading cause of under-5 mortality and known for the common cause of malnutrition. 3 The World Health Organization (WHO) emphasized safe water, improved sanitation facilities, and handwashing behavior using soap to prevent diarrhea. 4 The integrated Global Action Plan for Pneumonia and Diarrhea proposed a comprehensive approach to end preventable deaths caused by pneumonia and diarrhea including water, sanitation, and hygiene (WASH) intervention. 5 These efforts resulted in WHO/United Nations Children's Fund (UNICEF) Joint Monitoring Programme (JMP) to estimate status of WASH in households, schools and health care facilities on global level. 6 The under-5 mortality rate in Malawi in 2018 was 50 per 1,000 newborns, which was higher than the global mortality rate of 39 per 1,000 newborns. 2 The child mortality rate has been decreasing since 1990, but Malawi is one of the countries that need more concentrated effort to achieve the sustainable development goals 3.2; to reduce neonatal mortality and under-5 mortality to at least as low as 12 and 25 per 1,000 live births respectively by 2030. 7 In 2016, diarrhea among children under 5 in Malawi accounted for 7% of under-5 mortality. 8 The Basic Health Care Package from Health Sector Strategic Plan II (2017-2022) established by government of the Republic of Malawi includes promotion of hygiene, safe water and sanitation addressing key role of water-borne diseases. 9 Previous systematic reviews and meta analyses showed that specific demographic characteristics, household environments such as improved water, sanitation and handwashing had an effect on diarrheal risk. [10] [11] [12] Household living conditions based on the assets and dwelling characteristics of each household were included in the study model, given that children under the age of 5 spend a lot of time indoors. 13 Malawi is a country with a high burden of child diarrhea, but studies on Malawi have focused analysis based on health facility rather than household level risk factors. 14, 15 Social-demographic characteristics, household living conditions and WASH-related characteristics were analyzed to assess the association between the direct and indirect risk factors and children's diarrhea in Malawi. Therefore, the aim of our study is to identify risk factors of diarrheal disease among children aged under 5 based on data of Malawi Demographic and Health Survey (MDHS) 2015-2016.
METHODS

Data source
Dataset for this study were drawn from MDHS conducted in 2015-2016. Demographic and Health Survey (DHS) is a nation-wide household survey conducted almost every 5 years and the dataset are allowed to be downloaded from the DHS program web page after getting an approval as a registered user. 16 The National Statistical Office implemented MDHS of 2015-2016 collaborating with the Ministry of Health. The phase of MDHS 2015-2016 was performed with DHS-VII. Data on households and children under the age of 5 was recorded separately in household record (HR) and kids record (KR) files. In order to merge household information of HR and children's characteristics of KR, household variables such as water and sanitation of HR were merged into KR in accordance with DHS statistics guide. 17 Since neither file shares the same ID variable, the combination of the cluster number and household number was created as a matching standard in both files.
Study sample selection
The 2015-2016 MDHS used 2-stage stratified sampling method for sample selection. 18 Sampling frame is the list of all standard enumeration areas (SEAs) completed for the 2008 Malawi Population and Housing Census. As a geographic area, a single SEA covers about 235 households. Malawi consists of 28 districts and each district was stratified into 2 areas: rural and urban. In total, the 2015-2016 MDHS has 56 sampling strata. In the first stage, 850 SEAs were randomly selected with probability proportional to the SEA size from each stratum. Large SEAs with more than 250 households were segmented to list household listing efficiently.
In the second stage, 30 households per cluster in urban and 33 per cluster in rural were chosen by probability systematic selection from the household listing. One cluster is either a SEA or part of a SEA. Among the 27,516 households selected for the sample, 26,361 households accepted the interview with a response rate of 97.7%. All women of reproductive age 15-49 who were usual residents or visitors who stayed the previous night in the selected households were eligible for an interview. A total of 24,562 women completed the interview. If the interviewed woman had given birth, the interviewer asked questions about the characteristics of the 0-59 month-old children. Data from 17,286 children were collected from interviewed mothers. Among 17,286 children under 5-year old, 16,246 children had data on whether they had diarrhea within the past 2 weeks. The remaining children with missing value on the outcome were excluded from our research. Additionally, children who lacked information about time to get to water source or type of toilet facility were excluded from study analysis. A total of 14,872 children was selected as final study samples ( Fig. 1 ).
Dependent variable
The outcome variable of this study was the prevalence of diarrhea among children aged 0-59 months within the past 2 weeks preceding the survey. The interviewed women were asked whether their children under age 5 had diarrhea in the last 2 weeks. DHS-VII questionnaire defines diarrhea as all types of diarrheal symptoms including bloody stools, watery stools, Final study sample (n = , )
Missing data or 'don't know' responses on diarrhea (n = , )
Missing data on time to get to water source, type of toilet facility (n = ) etc. The outcome variable of this study was categorized as 0 (no) and 1 (yes, last 2 weeks), excluding 'don't know'.
Explanatory variables
Independent variables included following: 1) social-demographic characteristics (sex and age of child, size at birth, type of place of residence, region, mother's age/education/ working status); 2) household living conditions (wealth index, refrigerator, cooking place, type of cooking fuel, construction materials of floor/wall/roof, bed with a mattress); 3) WASH-related characteristics (source of drinking water, time to get to water source, type and location of toilet facility, handwashing facility with available water and soap) ( Fig. 2) .
Conceptual framework of this study was adopted from conceptual framework of the causes of undernutrition including aspects of WASH and diarrhea by WHO, UNICEF, and United States Agency for International Development. 19 Social-demographic characteristics such as size of child at birth, mother's education and working status as well as sex, age, region and etc. were added as basic determinants affecting household living conditions and WASH-related environments. Household living conditions, which are the underlying risk factors of diarrhea, and WASH characteristics, which are the immediate factors, were included. 20 The characteristics of a child 0-59 month-old was analyzed by sex, age (less than 12 months, 12-23 months, 24-35 months, 36-47 months, and 48-59 months) and size at birth (average, larger than average and smaller than average). Geographic distributions and characteristics were investigated by the type of place of residence (urban and rural), region (northern, central and southern region). Mother's characteristics consisted of mother's current age (15-29 years and 30-49 years), educational level (primary or below, and secondary or above) and working status.
Wealth index of MDHS 2015-2016 was calculated by measuring ownership of household assets, houses, land and type of water and sanitation facilities compositely. 21 Refrigerator, cooking place (in the house or separate building, and others), cooking fuel, construction materials of floor/wall/roof and a bed with a mattress were included into independent variables to identify the association between household assets and dwelling characteristics and children diarrhea. Clean fuel for cooking contained electricity, liquefied petroleum gas, natural gas, and biogas. Finished materials for floor were parquet or polished wood, vinyl or asphalt strips, ceramic tiles, cement and carpet. Finished wall included materials of cement, stone with lime/cement, bricks, cement blocks, covered adobe and wood planks/shingles, and finished roof includes metal, wood, calamine/cement fiber, ceramic tiles, cement and roofing shingles.
Classification of 'improved/unimproved' of water and sanitation was defined following the Water and Sanitation guidelines by WHO/UNICEF JMP during MDG monitoring period. 22 Improved source of drinking water includes piped into dwelling, piped to yard/plot/neighbor, public tap/standpipe, tube well or borehole, protected well/spring, and rainwater. Unimproved water means unprotected well/spring, surface water (river/dam/lake/pond/stream/canal/ irrigation channel), cart with small tank, and other. Time to get water source was coded as on premises, less than 30 minutes and 30 minutes or longer.
Improved sanitation facilities include flush to piped sewer system/septic tank/pit latrine, ventilated improved pit latrine, pit latrine with slab and composting toilet that are not shared with other households. Unimproved sanitation facilities mean shared toilet facilities, and flush to somewhere else/don't know where, pit latrine without slab/open pit, no facility/bush/ field, bucket toilet, hanging toilet/latrine, and other. Location of toilet facility was divided into in own dwelling, in own yard/plot, and elsewhere.
Regarding the handwashing facility, water and soap were observed whether they were available at the place where household members washed their hands often.
Statistical methods
The χ 2 test was applied to determine whether there was a significant difference between categorical variables with significance level of 0.05. Explanatory variables that had a P-value lower than 0.05 in the simple logistic analysis were included in multiple logistic regression model. In the multiple regression, the variables were chosen using backward Wald method with significance level of 0.05 and 95% CI to analyze the determinant of child diarrhea. The association between children diarrhea and explanatory variables were expressed as crude odds ratio in the simple logistic analysis and AOR in the multiple analysis. Hosmer and Lemeshow goodness of fit test was performed to check whether the data fits the multiple logistic regression model. SPSS version 24 (IBM Corp., Armonk, NY, USA) was employed for all data analyses.
Ethics statement
The protocol of MDHS 2015-2016 was approved by the National Health Sciences Research Committee in Malawi and the Inner City Fund Institutional Review Board (IRB). Interviewer received written consent with signature from all participants before starting the interview. male (49.9%), and 20.6% of the children were in the group under 12 months. Almost half (50.5%) of the children were average size at birth. Majority of the children lived in rural (83.1%) and southern region (45.8%). More than half (60.6%) of responded mothers were in the age group of 15-29 years old, and the mean of mother's age was 28.18 years old with a standard deviation of 6.82 years. 77.7% of mothers had no education or finished primary level of education. Almost two-thirds (65.9%) of respondents answered that they were currently working and 41.5% of them belonged to poor group in wealth index.
RESULTS
Socio-demographic characteristics of the study samples
Most (94.5%) of mothers had no refrigerator, and more than two-thirds (67.9%) of those cooked in the house or separate building. Only a few (1.1%) mothers used clean fuel for cooking. Regarding housing construction materials, the percentage of finished materials for floor, wall, and roofing was 24.4%, 76.7%, and 43.6% respectively. Less than a third (26.7%) of respondents had a bed with a mattress.
Concerning the water and sanitation conditions, most (86.7%) of the children had access to improved source of drinking water, but only 17.4% of the water source was on premises. More than half (56.1%) among the children used improved toilet facility without sharing toilet with others, but only a small minority (4.2%) of the facility was located in own dwelling.
Handwashing facility with available water and soap was observed only 9.4%.
Risk factors associated with diarrhea
In the simple logistic regression analysis, sex, age of child, size of child at birth, region, mother's current age and working status, wealth index, refrigerator, type of cooking fuel, main roof material, bed with mattress, time to get to water source, type and location of toilet facilities, and handwashing facility with water and soap were associated with diarrhea of under-5 at P-values lower than 0.05. Multiple logistic regression analysis was conducted to identify the association between diarrheal disease and above variables. In the multiple logistic regression model, Hosmer and Lemeshow goodness of fit test showed that the model was good (Hosmer and Lemeshow χ 2 =5.002, P-value=0.757). The results of multiple logistic regression presented in Table 2 show that sex and age of child, size of child at birth, region, mother's current age and working status, time to get to water source, type and location of toilet facilities, and handwashing facility with water and soap were statistically associated with diarrheal disease of under-5 children in Malawi.
Female children showed 0.851 times (AOR, 0.851; 95% CI, 0.783-0.924) lower odds of suffering from diarrhea than male children. Among the age group of child, 12-23 months showed the highest odds (AOR, 5.969; 95% CI, 5.131-6.944) compared to 48-59 months which is a reference group. The odds of other age groups in months were also higher than the reference group; less than 12 months (AOR, 3.531; 95% CI, 3.025-4.123), 24-35 months (AOR, 2.764; 95% CI, 2.359-3.239) and 36-47 months (AOR, 1.601; 95% CI, 1.353-1.895). Compared to children who were born normal size, children who were born larger (AOR, 1.186; 95% CI, 1.083-1.299) and smaller (AOR, 1.255; 95% CI, 1.115-1.412) than the average were exposed to higher odds of diarrhea. 379) The multiple model was defined including sex, age of child, size of child at birth, region, mother's current age and working status, wealth index, refrigerator, type of cooking fuel, main roof material, bed with mattress, time to get to water source, type and location of toilet facilities, handwashing facility with water and soap. The factors that had lower P-value than 0.05 in the simple logistic analyses were included into the multiple logistic regression model. COR = crude odds ratio; AOR = adjusted odds ratio; CI = confidence interval. a P < 0.05; b P < 0.001.
Children who live in central (AOR, 1.438; 95% CI, 1.270-1.628) and southern (AOR, 1.242; 95% CI, 1.101-1.401) region showed higher odds than those who live in northern region. Children who has mothers aged 30-49 years had 0.698 times (AOR, 0.698; 95% CI, 0.639-0.762) lower odds of diarrhea than those who has mothers aged 15-29 years. Working mothers had 1.193 (AOR, 1.193; 95% CI, 1.091-1.304) higher odds of diarrheal disease of young children compared to mothers who do not work.
Thirty minutes or more time taken to get to water source showed 1.184 times (AOR, 1.184; 95% CI, 1.045-1.342) higher than water source on premises, whereas getting water source within 30 minutes had no statistically significant association with diarrhea. Children who has unimproved toilet facilities had 1.185 times (AOR, 1.185; 95% CI, 1.088-1.291) higher than those who have improved toilet. Location of toilet facility also significantly affected the odds of childhood diarrhea (in own yard/plat: AOR, 1.344; 95% CI, 1.056-1.711 and elsewhere: AOR, 1.375; 95% CI, 1.048-1.805) compared to facility in own dwelling. The odds of children who lacks handwashing facility with available water and soap was 1.180 times (AOR, 1.180; 95% CI, 1.010-1.379) higher than those of children who have the facility with water and soap.
DISCUSSION
The aim of this study was to assess the risk factors of diarrheal disease of children under 5 years in Malawi. Multiple logistic regression model was performed with data on national scale from MDHS 2015-2016. Approximately 20% of children had diarrhea within the past 2 weeks, which is higher than 14.3% in Nigeria and 12% in Ethiopia. 23, 24 This study revealed that sex and age of child, size of child at birth, region, mother's age and working status, time to get to water source, type and location of toilet facility, and handwashing facility with available water and soap were associated with diarrheal disease in under 5 children.
The association between gender of child and diarrhea was consistent to several other studies performed in Ethiopia and in India, presenting that girls were less likely to suffer from diarrhea compared to boys. 25, 26 One-year old children peaked the highest likelihood of diarrheal disease among age groups. It is consistent with other studies performed in Mkuranga district, Tanzania in 2014 and in Benishangul Gumuz Regional State of North West Ethiopia in 2014 supporting that children aged 12-23 in months were the most fragile group of diarrheal risk. 27, 28 Our study also found that larger or smaller size of child at birth increased the diarrheal risk than mean size. This finding was partly supported by the study in India, which showed only significant association between the group of average and larger size. 26 Geographical difference showed dissimilar exposure on diarrheal risk. Higher odds of children diarrhea in the central and southern region might be explained by the fact that both regions are more densely populated than in the northern region. Lilongwe city, the national and administrative capital of Malawi, is located in the central region, and Blantyre, the second largest city, is located in the southern region. 29 MDHS 2015-2016 data showed that children of younger mother's group (15) (16) (17) (18) (19) years old) had higher risk of diarrhea than those of older mother's group (30-49 years old) . Similarly, young mothers aged less than 18 years had increased the risk of diarrhea compared to mothers over 18 years old in a study conducted in Brazil. 30 On the basis of those studies, the findings suggest that young mothers are the main target group for behavior change strategies regarding childhood diarrhea. We also found that working mothers increased the likelihood of diarrhea of young children. A study performed in North West Ethiopia reported that children of working mother were more likely to have a diarrheal disease than those of mother who do not work. 28 Disparity caused by mother's working status might be explained in that working mothers spend more time outside than housewives. 31 With regard to household living conditions, we saw no significant evidence of linkage between household living environment and the occurrence of diarrhea. However, other study presented that children of household with concrete roofing and walls are exposed to lower risk of diarrhea. 32 We showed no evidence between improved source of drinking water and diarrhea, consistent with the result of study conducted by Sinmegn Mihrete et al. 28 However, time taken longer than 30 minutes to fetch water contributed to higher risk of diarrhea. The children who had access to fetch water within 30 minutes had no significant association with the risk of diarrhea, compared with those who can get water on premises. Time spent to fetch water affects not only health, but also social issues such as low school attendance rate and the risk of rape. [33] [34] [35] In this context, WASH related intervention has important potentials to play a key role in multi-sectoral issues in African countries.
Findings from 217 surveys by DHS program presented that diarrheal disease were more influenced by sanitation than water conditions. 36 In accordance with those findings, our study found that toilet facilities unimproved and located out of dwelling were attributable for young children's diarrhea. The preceding study in Nigeria also indicated that unimproved toilet facility increased the odds of suffering from diarrhea. 32 With regard to the location of sanitation facility, JMP suggests that having a toilet facility on premises (within the dwelling, plot or yard) may be more important than sharing toilet facility for health. 22, 37 In our study, however, toilets in own yard or plot were associated with higher risk of diarrhea in children than those who had toilets within the dwelling. A study of open defecation in Ghana revealed that the lack of toilets at home affected the decision of open defecation. 38 Thus, it is necessary to adopt the suggestion related to the location of toilet facility on premises, taking into account the local environment. In addition, a study conducted in Addis Ababa in 2017 provided another important implications on the location of toilets, with a contrary finding such that proximity of sanitation facilities within 15 meters of homes increased acute diarrhea compared to facilities located more than 15 meters away. 39 Main reason for the association between proximity of facility and diarrhea may be explained in that closer proximity means increased exposure to pathogens near latrines. In this context, cleanliness near the toilet needs to be emphasized together to avoid the transmission of pathogens, in addition to the location of the toilet on premises.
Children whose household lacks of handwashing facility with water and soap were exposed to higher risk of diarrhea. This is consistent with a study in Northwest Ethiopia presenting that cleansing hands with soap and water can reduce more effectively the likelihood of diarrhea. 25 A possible explanation of this result is that handwashing with soap reduced the presence of bacteria than washing hands with water alone. 40 This study has some limitations. First, this survey includes information about hand washing facilities and availability of water and washing materials, rather than hand-washing related behaviors or practices of mothers or caregivers. Further studies need to include the number and timing of washing hands a day, usage of soap and appropriate method of washing hands. Second, mothers were interviewed as a proxy respondent instead of young children. This might lead to recall bias depending on mother's memory. This bias would be enlarged when the child received care by others rather than mother. Lastly, potential confounders such as stunting and vaccinations were not included in the logistic regression model due to large missing values, thus future research model needs to adjust the potential factors.
In conclusion, our study showed that demographic characteristics such as child's sex, age and size at birth, region, mother's age and working status were statistically associated with diarrhea of children under the age of 5. Among the variables related to WASH environment, time spent more than 30 minutes to get water, unimproved and location of sanitation facility, lack of handwashing with soap and water were associated with a higher risk of childhood diarrhea. Poor conditions of WASH, especially sanitation and handwashing facility enhanced the diarrheal risk of children under 5 years of age. Findings from this study suggest that WASH infrastructure such as sanitation and hand hygiene facilities, and WASH behavior change strategies need to prioritize vulnerable groups in Malawi.
